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The Suzuki-Miyaura reactions of 16-E-(triflyloxymethylidene)-3-methoxy-a-estrone allow for a conve-
nient synthesis of various 16-E-(arylidene)-3-methoxy-a-estrones in good to high yields and with excel-
lent E-selectivity. Both electron-rich and electron-poor boronic acids could be successfully employed.
 2017 Elsevier Ltd. All rights reserved.Estrone, estradiol and estriol are three major endogenous estro-
gens of the human body, functioning as female sex hormones.1
They consist of a steroid core with an aromatic A-ring and a char-
acteristic 13b-methyl group. Estrones and their derivatives are
widely applied as estrogen receptor inhibitors as well as imaging
agents against breast cancer.2 In particular, estradiol is known to
play a key role in the growth of breast cancer cells.3 Therefore, it
is an important goal in the medicinal chemistry of estrogens to
model new anti-cancer agents with no estrogenic activity.4 13a-
Estrones are especially suitable for these requirements, as these
synthetic estrones are known to show no activity towards the
estrogenic receptor due to conformational changes.5 Furthermore,
16-arylidene-estrones have recently been used as starting materi-
als for several new antiproliferative compounds.6 Previously, our
group successfully applied 16-E-(triflyloxymethylidene)-3-meth-
oxy-a-estrone in the palladium catalysed Sonogashira reaction,
leading to new 16-alkynylvinylidene-a-estrones.7 The Mizoroki-
Heck reaction8 and the aldol condensation9 also constitute known
synthetic pathways towards 16-arylidene-b-estrones (Scheme 1).
However, the synthesis of 16-arylidene-a-estrones has, to the best
of our knowledge, not been reported in the literature. The Suzuki-
Miyaura reactions of estrones have, to the best of our knowledge,also not been reported to date. Herein, we report the first synthesis
of 16-E-arylidene-a-estrones via the Suzuki-Miyaura reactions of
16-E-(triflyloxymethylidene)-3-methoxy-a-estrone.
Starting material 2 was synthesized in good yield (76%) from 1
according to a procedure reported in our previous work
(Scheme 2).7 The E-configuration of triflate 2 was previously pro-
ven via single crystal X-ray diffraction and the analytical data of
2 were identical to those reported therein.
With triflate 2 in hand, we studied the arylation by palladium
catalysed Suzuki-Miyaura reactions. To our delight an initial test
reaction using phenylboronic acid and Pd(PPh3)4 as the catalyst
in toluene gave the arylated product 3a in 37% yield (Table 1, entry
1). Next, we screened several electron-rich phosphine ligands
under otherwise identical conditions (Table 1, entries 2–4), but
in each case lower yields of the desired product 3a were obtained.
Changing the base also gave no improvement of the yield. How-
ever, addition of water to the reaction mixture improved the yield
drastically and compound 3a was isolated in an excellent 96%
yield.10
As the next step, the scope of our methodology was explored
(Table 2). The optimized conditions allowed the cross-coupling of
arylboronic acids containing various functional groups, including
OMe, NO2, CF3, F and Cl, as well as heterocyclic arylboronic acids.
Electron-withdrawing groups generally gave slightly higher yields
of the coupling product. However, 4-pyridinylboronic acid gave a
low yield of 23% (3f), most likely due to the coordinating ability
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Synthesis of compounds 3a–k.a
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a Reagents and conditions i: 2 (0.225 mmol), K3PO4 (1.5 eq.), Pd(PPh3)4 (5 mol%),
boronic acid (1.5 eq.), toluene (4 mL), water (1 mL), 100 C, 8 h; isolated yields.
Scheme 1. Comparison of previous work7–9 and the current work utilising 16-
methylidene-estrones.
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Scheme 2. Synthesis of starting material 2. Reagents and conditions: 1 (1.8 mmol),
2,6-di-tert-butyl-4-methylpyridine (2.8 mmol), CH2Cl2 (10 mL), 0 C, then Tf2O (2.6
mmol), r.t., 1 h.
S. Jopp et al. / Tetrahedron Letters 59 (2018) 26–28 27of the pyridine nitrogen. Moreover, the impact of steric hindrance
on the arylboronic acid was investigated. ortho-Substitution gave
moderate yields of the coupling products. However, compound
3k, containing methyl groups in both ortho-positions, was isolated
in 51% yield, while the related dimethoxy derivative 3j was not
formed.Table 1
Optimization of the Suzuki-Miyaura reaction.a
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Entry Catalyst [mol%] Ligand [mol%] Base Solvent Temperature [C] Time [h] Yield 3a (%)b
1 Pd(PPh3)4 [5] – K3PO4 Toluene 110 8 37
2 Pd(OAc)2 [5] nBuPAd2 [10] K3PO4 Toluene 110 8 23
3 Pd(OAc)2 [5] SPhos [10] K3PO4 Toluene 110 8 25
4 Pd(OAc)2 [5] P(Cy)3 [10] K3PO4 Toluene 110 8 11
5 Pd(OAc)2 [5] SPhos [10] K3PO4 Toluene 60 8 29
6 Pd(OAc)2 [5] SPhos [10] K3PO4 Toluene 20 8 38
7 Pd(OAc)2 [5] SPhos [10] CeF3 Toluene 20 24 27
8 Pd(OAc)2 [5] SPhos [10] K2CO3 Toluene 20 24 –
9 Pd(OAc)2 [5] SPhos [10] K2CO3 Toluene/H2O (4:1) 20 24 49
10 Pd(OAc)2 [5] SPhos [10] K2CO3 1,4-Dioxane/H2O (4:1) 20 24 20
11 Pd(OAc)2 [5] SPhos [10] K2CO3 DMF 20 24 23
12 Pd(PPh3)4 [5] – K2CO3 1,4-Dioxane/H2O (4:1) 100 8 80
13 Pd(PPh3)4 [5] – K3PO4 Toluene/H2O (4:1) 100 8 96
a Reagents and conditions: 2 (0.225 mmol), catalyst, ligand, base (1.5 eq.), phenylboronic acid (1.5 eq.), solvent (5 mL).
b Isolated yield.
28 S. Jopp et al. / Tetrahedron Letters 59 (2018) 26–28In comparison to our previously reported Mizoroki-Heck reac-
tion leading to 16-arylidene-b-estrones,8 the herein reported pro-
cedure allows the use of milder reaction conditions (100 C vs
140 C) while also achieving higher yields.
The E-configuration of the products was proven by NMR analy-
sis. NOESY measurements showed a correlation between the ortho-
protons of the aromatic ring and the CH2-group in position 15 of
the estrone structure. Furthermore, the coupling constant of the
vinylic proton with the nearest CH2-group in position 15 is approx-
imately 2.4 Hz; this value can be found in both starting material 2
and the products 3a–k. No Z-isomer was observed in the crude
NMR of the products 3a–k, however, products 3d, 3i and 3h show
a small amount of remaining starting material or biphenyl side-
product, which were inseparable by column chromatography.
In conclusion, a variety of 16-E-(arylidene)-3-methoxy-a-
estrones were prepared by what are, to the best of our knowledge,
the first Suzuki-Miyaura reactions of an estrone derivative, namely
16-E-(triflyloxymethylidene)-3-methoxy-a-estrone. The reactions
proceed in good to high yields and with excellent E-selectivity.
The reaction permits the employment of several electron-rich
and -withdrawing boronic acids. Steric hindrance, however, leads
to lower yields. In comparison to the previously reported Mizor-
oki-Heck reaction8 and aldol condensation,9 this reaction generally
proceeds in higher yields and under milder conditions. Addition-
ally, excellent functional group tolerance was observed. Therefore,
the methodology reported herein offers a new, efficient and reli-
able strategy for the synthesis of 16-E-(arylidene)-a-estrones.
The products reported herein have, to the best of our knowledge,
not been reported and should be interesting because of their
potential pharmacological relevance.
A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.tetlet.2017.11.040.
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column chromatography.(E)-16-Benzylidene-3-methoxy-a-estrone 3a:
Compound 3a was synthesized according to the general procedure using
phenylboronic acid (0.338 mmol, 41 mg) and purified via column
chromatography (heptane/ethyl acetate 20:1). Yield: 81 mg (96%). mp. 105–
106 C. 1H NMR (250 MHz, CDCl3): d = 0.77–0.96 (m, 2H, CHAlkyl); 1.13 (s, 3H,
Me); 1.38–1.59 (m, 3H, CHAlkyl); 1.83–1.90 (m, 1H, CHAlkyl); 2.01–2.07 (m, 1H,
CHAlkyl); 2.24–2.33 (m, 2H, CHAlkyl); 2.45–2.53 (m, 1H, CHAlkyl); 2.69–2.75 (m,
2H, CHAlkyl); 2.85–2.93 (m, 1H, CHAlkyl); 3.74 (s, 3H, OMe); 6.55 (d, 4J = 2.74 Hz,
1H, CHAr); 6.69 (dd, 3J = 8.62 Hz, 4J = 2.78 Hz, 1H, CHAr); 7.18 (d, 3J = 8.61 Hz, 1H,
CHAr); 7.38–7.50 (m, 4H, CHAr); 7.56–7.60 (m, 2H, CHAr). 13C NMR (63 MHz,
CDCl3): d = 25.6 (CH3), 28.1, 28.3, 30.2, 30.4, 32.2 (CH2); 41.4, 42.8, 47.3 (CH),
49.8 (C), 55.2 (OCH3); 111.7, 113.5, 126.8, 128.7, 129.2, 130.5 (CH); 131.9 (C);
134.3 (CH); 134.5, 135.7, 137.9, 157.4 (C); 209.5 (C@O). IR (ATR, cm1): m =
2912 (m), 2214 (w), 1710 (m), 1608 (m), 1572 (w), 1491 (m), 1145 (m), 1253
(s), 1141 (s), 1074 (s), 1040 (s), 977 (m), 932 (w), 874 (w), 815 (w), 790 (m), 766
(m), 692 (s), 593 (w), 518 (s). MS (EI, 70 eV): m/z (%) = 373 (14), 372 (M+, 56),
227 (17), 186 (15), 185 (13), 174 (14), 173 (12), 159 (12), 129 (13), 128 (13),
117 (24), 116 (77), 115 (100), 91 (28). HRMS (EI, 70 eV): Calculated for
C26H28O2 (M+), 372.20838; measured 372.20812.
